1986] using the (GLORIA) shallow-towed system were also used in interpretation of margin structure. The GLORIA imagery was georeferenced to Hydrosweep bathymetry collected by us in Washington (1993), or existing National Oceanic and Atmospheric Administration (NOAA) SeaBeam bathymetry in Oregon in order to produce a consistent spatial data set.
In our structural interpretations we have used about 30,000 km of seismic reflection profiles collected by academic institutions, the U.S. Geological Survey, NOAA, and the petroleum industry [Goldfinger et al., 1992a] because the presence of growth strata invalidates the assumption that measured geometric changes on the profiles result from horizontal fault offset only. In practice, we used two methods to determine fault slip. For all five faults, we determined the wedge geometry from the seismic grid, then determined the fault offset required to produce the observed thickness change for two pre-faulting units (units 2 and 3 in Figure 3 ). If Z 1 and Z 2 are the thicknesses of the offset unit across the fault, at is the angle between the bottom and top contacts of the unit (defining the eastward thickening wedge), and 13 is the plan view angle between the seismic profile and the fault, net fault slip (S) is then given by S = [Z1-Z2/tan at] cos 13. For the three Oregon faults, we also used a trial and error restoration using the reflection profiles directly. To find the best fit offset required to restore the abyssal plain geometry, we iteratively tested the offset to find the best match of between 10 and 18 individual reflectors within the prefaulting section using the margin-parallel and marginnormal reflection profiles and correcting for the difference between fault strike and profile strike (as with 13 above). The geometry used in both methods is illustrated schematically in Figure 4 . The error estimate includes the minimum and maximum fault separation that could be accommodated within the interpretation of the seismic data. We estimated the age of faulting by converting the two-way travel time to the base of the growth strata to depth in meters. The age of the fault is then simply the depth in meters of the oldest growth strata, divided by the sedimentation rate in meters per 1000 years. The age of first vertical motion for each fault is calculated in this way, and the net slip can then be divided by the age to obtain the slip rate of the fault. Any pure strike-slip motion (no vertical component) that occurred prior to vertical displacement would result in an underestimate of the age of the fault, and thus our derived slip rate values will be too high.
In two cases (Wecoma and North Nitinat faults) we were able to calculate slip rates independently using measured offsets of late Pleistocene channels (120 m and 150 m, respectively) and estimated channel ages. Seismic reflection records showing the truncation of deep-sea channel walls and numerous sediment hiatuses in cores from the axial part of these channels document the erosive character of the coarse-grained late Pleistocene turbidity currents in this region [Griggs and Kulm, 1973] . We estimate the age of the offset channel walls to be 12-24 ka, consistent with incision during the last episode of high turbidity-current activity during the Wisconsin low stand [Goldfinger et al., 1992a] . We assume fault motion was constant during the Holocene and late Pleistocene. Using this age range, we calculated a latest Pleistocene-Holocene slip rate of 8.3 + 4 and 8.5 + 4 mm/yr for the North Nitinat and Wecoma faults, respectively. These rates were similar to, but somewhat higher than, the estimates from retrodeforming the fault. The higher late Pleistocene slip rate is expected, since the point at which the growth strata were measured, originally located at the fault tip, is now 20 km landward of the tip. Since fault slip rates decrease from the center of a fault toward its tip [Bilham and Bodin, 1992; $cholz et al., 1993], the retrodeformation method using the entire movement history includes low slip rates from the fault's early history and should yield a lower average rate. The slip rate may also have varied in time over the life of the fault. [Spence, 1989] . Either nodal plane for this event is consistent with N-S compression; however, N-S compression in the slab is inconsistent with the nearby WNW striking leftlateral faults. These faults should be dextral if they are driven by N-S compression. The evidence for N-S compression just seaward of the left-lateral faults, though sketchy, suggests that the principal horizontal stress direction is significantly different seaward of the plate boundary than in the subducting slab and suggests to us that membrane strain due to subduction geometry or other mechanisms may be operative but that it must be overprinted by some other mechanism that drives the sinistral transverse faults. We note that the three best mapped fault zones that cross the deformation front, the North Nitinat, Wecoma, and Daisy Bank faults, bend 3-6 ø southward on the continental slope from their abyssal plain strike (Table 1 ). The south bending of these two fault zones could be due either to passage of the basement faults beneath the wedge (Figure 16d ) or a component of dextral arc-parallel shear distributed across the accretionary wedge, similar to that suggested for the onshore forearc by England and Wells (1991) . In the case of the forearc rotation we propose, the shear couple is set up by oblique insertion of the subducted plate into the mantle, and thus two margin-parallel faults may not be required. Linkage between the upper and lower plate faults for anything but a very short time requires slip along the inboard edge of the rotated terrane in the upper plate. Trdhu et al. (1995) suggest that a small fault observed to overlie the edge of the Siletzia terrane in central Oregon may represent an active dextral fault that decouples the active wedge from the inboard Siletzia terrane. Our data are somewhat supportive of this hypothesis. We observe a vertical, probably strike-slip fault (eastern fault in Figure 11 ) that also overlies the edge of the Siletzia terrane (see Figure 2 for A geometric requirement of a set of parallel strike-slip faults with the same motion sense is that the intervening blocks and the faults themselves must rotate (Figure 16) (Figure 16 ). On the abyssal plain, compression is taken up by anticlines and horsetail splays near the western tips of the Wecoma, Daisy Bank, and Alvin Canyon fault and by splays at the North and South Nitinat faults.
Cascadia Transverse Strike-Slip Faults
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At the landward block ends, the complexity of the accretionary wedge is such that minor deformation such as this would be difficult to discern.
The fact that five of the nine mapped faults cross the plate boundary must be reconciled with northeasterly subduction at 40 mm/yr. The JDF plate should have traveled 10 to 24 km to the northeast relative to the North American plate during the 0.3 to 0.6 Ma elapsed since the initiation of left-lateral faulting (Table 1) . Thus we might expect to observe horizontal offsets of the strike-slip faults where they cross the deformation front, but we have observed few such offsets. We suggest that the interaction between the oblique faults and the growing accretionary wedge tends to reduce the amount of lateral offset expected at the deformation front (Figure 16d) . If the deformation front was fixed in east-west position during the known life span of the faults, the expected northward offset across the plate boundary due to northeasterly plate motion would be 4-11 kin. Goldfinger et al. [1996b] Washington and Vancouver Island, strike NW, parallel to the strait. Active shortening is apparently occurring across the strait, in contrast to the east-west shortening occurring west of Washington, suggesting that the Washington forearc is colliding with a more rigid Vancouver Island buttress, as suggested by Wells and Weaver [1992] . Goldfinger [1994] and McCaffrey and Goldfinger [1995] calculated the total rate of forearc deformation in the arcparallel direction as a result of slip on the nine strike-slip faults (Table 1) . A component of extension between points on any two blocks occurs as a result of left-lateral motion on the intervening strike-slip fault. Slip on all nine faults translates the northern end of the rotated domain northward by the sum of these arc-parallel components relative to the southern end, assuming no shortening across the blocks. The net arc-parallel extension rate is 10.5 mm/yr from the five faults with known slip rates. If we assign the lowest known slip rate value, 5.5 mm/yr, to the faults with unknown slip rates, the extension rate is 17.4 mm/yr, or 87% of the 20 mm/yr tangential component of convergence [Goldfinger, 1994 Last, the process of block rotation of the Cascadia submarine forearc may have occurred for a longer period of time than the ages of the dated faults. We speculate that new oblique faults periodically rupture the lower plate, and sometimes both plates, then slip for a relatively short period of time, perhaps taking advantage of basement weaknesses. Motion on individual faults may cease after a short period of time, after which the abyssal plain fault traces would be subducted or accreted, depending on the local vergence direction and dtcollement position. Accreted upper plate faults may remain as active deformation zones or may be altered by mass wasting, deposition, erosion, or subsequent accretionary wedge faulting. In SeaBeam bathymetry and GLORIA sidescan data we have observed many poorly defined WNW trending lineations that may be the remnants of previous episodes of strike-slip faulting, one of which is shown on Figure 15 . Alternatively, if the faults are no older than the dated growth strata on the abyssal plain, the observed deformation could be very young, reducing the effect of JDF motion on the time history of upper plate deformation.
Conclusions
Using sidescan sonar, seismic reflection profiles, and swath bathymetric data, we have mapped a set of WNW trending left-lateral strike-slip faults that deform the Oregon and Washington submarine forearc. Evidence for left-lateral separation includes offset of accretionary wedge folds, channels, and other surficial features; sigmoidal left bending of accretionary wedge folds; and offset of abyssal plain sedimentary units. Five of these faults cross the plate boundary, extending 5-21 km into the Juan de Fuca plate. Using offset of subsurface piercing points and offset of approximately dated submarine channels, we calculate slip rates for these five faults of 5.5 to 8.5 mm/yr. Little or no offset of these faults by the basal thrust of the accretionary wedge is observed. Holocene offset of submarine channels and unconsolidated sediments is observed in sidescan records and directly by submersible. The strike-slip faults are most likely driven by dextral shearing of the subducting slab and propagate upward through the overlying accretionary wedge. Tangential hydrodynamic drag caused by oblique insertion of the slab into the mantle is a possible driving mechanism. Four sinistral faults observed in only the upper plate may be reinanent traces of previous basement-driven deformation. Alternatively, a similar, though unrelated dextral shear couple driven by interplate coupling may drive these faults and may augment deformation of the upper plate for all the sinistral faults.
A model of overall right-lateral simple shear of the submarine forearc is consistent with the observed surface faults, which may be R' or antithetic shears to the overall right-shear couple. The major strike-slip faults define elongate blocks that, because of their orientation and sinistral slip direction, must rotate clockwise. We infer that the deformation of the submarine forearc (defined to include the lower plate) is highly strain-partitioned into arc-normal shortening and arc-parallel strike-slip and translation. The high slip rates of the strike-slip faults, coupled with the lack of offset of these faults as they cross the plate boundary, imply that the seaward accretionary wedge is not moving at the expected convergence rate relative to the subducting plate.
We conclude that the accretionary wedge is rotating and translating northward, driven by the tangential component of Juan de Fuca-North American plate convergence.
